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COVER: W. F. Meggers measures one of the spectrographic plates exposed 
during the Bureau’s observations of relative spectral line intensities. He 
will estimate the intensities of the spectral lines of the element under obser- 


vation relative to those of pure copper. The work resulted in the first 
extensive tables of spectral line intensities on a uniform energy scale. (See 


p- 201.) 


Residual Stresses in Brass 


and the Bauschinger Effect 


THE BUREAU recently investigated the residual 
stresses in brass specimens after one complete cycle of 
tensile and compressive strain, and the possible correla- 
tion of these stresses with the phenomenon known as 
the Bauschinger effect, which occurs in metals after 
plastic strain. Results obtained by C. J. Newton of the 
mechanical metallurgy laboratory indicate that the two 
phenomena cannot be correlated in the case of cyclic 
deformation. From the results it also appears that 
residual stresses always tensile in character develop as 
a consequence of cyclic strain, and that these stresses 
outweigh or mask the mechanism responsible for the 
Bauschinger effect.? 

Almost 80 years ago Bauschinger reported that the 
strain hardening of a plastically deformed steel was 
directional, and that, for example, an annealed rod 
which had been overstrained in tension exhibited in- 
creased resistance to a tensile stress but reduced re- 
sistance to compression.* Subsequent work by others 
has established that this phenomenon is evident in a 
wide range of polycrystalline metals; indeed, it is now 
regarded as an intrinsic feature of the strain-hardening 
process in metals. 

Although a complete quantitative theory for the effect 
has never been established, an explanation often ad- 
vanced has been that differently oriented crystal grains 
in a specimen have varying degrees of susceptibility to 
slip (the sliding process by means of which plastic de- 
formation occurs). According to this theory, the 
resulting inhomogeneity gives rise to a system of 
residual stresses upon release of the deforming load, 
and upon reapplication of the load these stresses pre- 
sumably modify the applied stress necessary to produce 
further strain. 

Some types of residual stresses in metals can be meas- 
ured by X-ray diffraction techniques, and recent studies 
by other investigators ‘ utilizing these techniques have 
tended to correlate directed residual microstresses and 
the Bauschinger effect. These and other studies gen- 
erally were confined to observing the results of uni- 
directional deformation. Because of increasing 
interest, however, in the effects of cyclic loading of the 
mechanical properties of metal components in actual 
service, the present study was undertaken. 


Experimental Procedures and Results 


The material used in the experiments was a lead-free, 
70 percent copper—30 percent zinc, alpha brass. The 
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Top, Residual stresses arising in brass specimens 
were measured by means of X-ray diffraction 
techniques. The stresses ultimately become 
tensile in character even though the direction 
of strain is reversed in the positive and negative 
cycles. Bottom, Axial residual stress (dotted 
line) of the positive cycle found after cyclic 
strain of brass specimens and decrease in elastic 
limit versus cumulative strain. The decrease in 
elastic limit was determined by subtracting the 
elastic limit found in the reversed direction at 
each quarter cycle of strain from the corre- 
sponding elastic limit in the annealed condition. 
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specimens, cut from rectangular bars of the material, 
were designed so that they could be both extended and 
compressed one percent uniaxially in a hydraulic testing 
machine and, in addition, so that X-ray diffraction 
specimens could be cut from their reduced sections. 
The yield strength or elastic limit at the end of each 
extended or compressed condition was estimated to be 
that amount of stress required to give a permanent 
plastic strain of 2 X 10-5, as measured by an electrical 
resistance wire strain gage. 

The values of the elastic limit for various conditions 
of the brass specimens are listed in the table. It is 
obvious that the effect of the plastic deformation was 
to raise slightly the elastic limit measured in the direc- 
tion of the deformation, and to lower by a large amount 
the elastic limit measured in the opposite direction. 
This result is in accord with the Bauschinger effect. The 
elastic limits of the specimens were measured first in 
the annealed (unstressed) condition, and then at each 
of 4 quarter-cycle positions of a complete cycle of one 
percent plastic deformation amplitude starting with an 
extension. Such a cycle is designated a positive cycle. 
This procedure was also carried out for a complete cycle 
starting with a compression (negative cycle), but the 
elastic limits were determined only for the first two 
quarters of the cycle since essentially symmetrical 
behavior was observed. The values reflected in the 
table for the elastic limits are the averages obtained 
from several specimens. 


Elastic limits and oriented residual stresses 


Plastic deformation state of specimen Elastic limits 


Axial 
residual 
Net Cum. In ten- In com- stress 
Description plastic plastic sion pression 
pre-strain | pre-strain 
% % 103 psi 108 psi 103 psi 
Annealed 0 0 14 13 | (Reference 
zero) 
Positive cycle (initial deformation extension) 
+1 1 15 a -—9 
—C 0 2 4 16 +2 
E-C-C -l 3 5 20 +5 
E-C-C-E 0 4 20 3 +7 
Negative cycle (initial deformation compression) 
Cc —1 1 4 16 +8 
C-E 0 2 17 3 —3 
C-E-E +1 Bd soos oe | eee ae ee +4 
C-E-E-C 0 Ay \ Sale 28 1 See +8 


E =Extended plastically 1 percent. 
C =Compressed plastically 1 percent. 
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To measure residual stresses by X-ray diffraction 
techniques, longitudinal and cross sections were cut 
from similarly deformed specimens, mounted without 
heat, and carefully electropolished. Measurements were 
made on a commercial horizontal diffractometer with 
cobalt Ka radiation, and a proportional counter was 
used as a detector. The position of the peak of the 
brass (400) diffraction line, near a 20 diffraction angle 
of 153 deg, was determined by an analytical method of 
three-point parabola fitting. This information from 
each specimen yielded a value of the crystal lattice 
spacing normal to the surface of the section. These 
values were used to compute the residual axial stresses 
of the specimens subjected to the various conditions 
(last column of table) . 

The stresses thus found were plotted against the 
cumulative plastic strain without regard to sign (that 
is, the sign of the net plastic pre-strain) in each cycle. 
The resulting graph shows that the residual axial stress 
is opposed to the direction of deformation in both cycles 
at the one-quarter cycle stage, but that it becomes tensile 
in both cases after three-quarters of a deformation cycle. 
At the end of a complete cycle of one percent amplitude, 
specimens in both the positive and negative cycles seem 
to approach asymptotically some residual tensile value 
of stress. 


Bauschinger Effect Versus Residual Stress 


The axial residual stress found in the positive cycle 
and the decrease in elastic limit (the Bauschinger effect ) 
were also plotted against cumulative strain. If the two 
phenomena could be correlated theoretically, the curves 
would run along together; however, in the graph they 
do not do so after the midpoint of the cycle. It is there- 
fore apparent that the residual stresses arising from 
cyclic deformation as revealed by X-ray diffraction 
techniques are not related to the Bauschinger effect. 


‘The most common aspect of this effect is the raising 
of the yield strength or elastic limit of a_ plas- 
tically deformed metal specimen in the direction of pre- 
vious deformation, and the lowering of the yield strength 
in the opposite direction. 

*For further technical details, see The Bauschinger 
effect and residual microstresses in alpha brass, by C. J. 
Newton, J. Research NBS 65C (Eng. & Inst.) No. 4 
(1961). 

The classical paper describing this phenomenon is 
by J. Bauschinger, in Mitt. mech. tech. Lab. Miinchen., 
Heft 13, 1 (1886), and Min. Proc. Inst. Civil Eng., 87, 
463 (1886-87). 

“On the nature of the Bauschinger effect, by B. M. 
Rovinskiy and V. M. Sinayskiy, Izvestia Akad. Nauk 
SSSR, Metallurgiia i Toplivo (Proceedings of the USSR 
Academy of Sciences, Dept. of Tech. Sciences, Metallurgy 
and Fuel) No. 6, 137 (1959). : 
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A tabulation of the relative intensities of 39,000 
spectral lines has recently been completed by W. F. 
Meggers, C. H. Corliss, and B. F. Scribner. The com- 
pilation * provides intensity values on a uniform energy 
scale for 70 chemical elements over the wavelength 
range from 2000 to 9000 A. Although less extensive 
than the well-known M.I.T. Wavelength Tables, the new 
tables will supply spectrochemists with much-needed 
quantitative intensity values for those elements most 
commonly encountered in their analyses. 

The data given in the tables will be useful in a num- 
ber of areas of investigation. During spectrochemical 
analysis, for example, the listed energy levels will be 
useful for matching lines of equal upper energy level 
(homologous pairs). Also, knowledge of the line in- 
tensities may aid in semiquantitative analysis of ma- 
terials. The intensity values may be transformed into 
approximate relative oscillator strengths (gf-values) or 
atomic transition probabilities. These transformed 
values may then be employed in determining tempera- 
tures of laboratory light sources emitting atomic spectra 
and of stellar atmospheres in those cases where more 
accurate oscillator strengths are not available. 

The tables are presented in two parts: one listing is 
by element; the other, by wavelength. The first part 
lists for each element the true relative line intensity, 
the character (shape of the line profile) , the wavelength, 
the spectrum (1, I, or 11, which indicates the stage of 
ionization of the atom), and the numerical values of 
the two energy levels involved in the transition. The 
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Intensity Tables 


second part lists the intensity, the wavelength, the ele- 
ment symbol, and the spectrum. 

Position (or wavelength) and brightness (or in- 
tensity) are the two most important properties of spec- 
tral lines. Wavelengths identify chemical elements, and 
intensities indicate the concentrations of the identified 
elements in mixtures or compounds. 

Although the accuracy of spectral wavelength de- 
terminations has been improved spectacularly during 
the past century, little progress was made over most of 
that period in assigning uniform quantitative intensity 
values to spectral radiations. Until now, the recording 
of spectral intensity data has generally involved the 
use of arbitrary scales and visual estimation of the 
relative intensities of lines on a particular photographic 
plate. Therefore, no meaningful comparison could be 
made for other than adjacent lines in a given spectrum. 

In 1874, Lockyer? observed that the lines of any 
constituent of a mechanical mixture disappeared from 
the spectrum as its percentage was reduced. On the 
basis of this suggestion, various studies were made of 
the spark spectra of metals in solutions of differing 
concentrations. 

As a result of such work, the principle of quantitative 
spectrochemistry appeared to rest on the number of lines 
detectable rather than on their individual intensities. 
Spectra of solutions differing 1000-fold in concentra- 
tion must sometimes have given lines of different wave- 
lengths that were of equal intensity, but no attempt was 
made to present spectral-line intensities as directly pro- 
portional to concentration. 


Left, One of the spectrographic plates used in estimating apparent intensity of each manganese line relative to 


selected copper lines. 
recorded through a rotating stepped sector. 


Are spectra of pure manganese (center) and of copper containing 0.1 percent manganese as 
Wavelength range, 3960 to 4105 A. Right, Example of spectrographic 


plates used in energy calibration of copper lines by measurement relative to known energy distribution of tungsten 


lamp. 
(below) at 50 A intervals. 
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Are spectra of copper (above) over wavelength range of 3400 to 3860 A; standard tungsten lamp spectrum 
Both recorded through a rotating stepped sector. 
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Pure copper and the element to be observed were 
mixed and then pressed into solid electrodes which 
were burned in a 10-amp d-c arc. In this way the 
line intensities of the element were obtained under 
conditions that prevent self-absorption of stronger 
lines. The spectrum of the mixture was recorded 
on a photographic plate. Also recorded were the 
spectra of pure copper and of the pure element 
for reference. 


The present tabulation is the first expression of spec- 
tral-line intensities as directly proportional to the num- 
ber of radiating atoms, or concentration, of the element. 
It is the end result of an observational program that has 
been in progress at the Bureau during the past 25 years. 

The procedure followed in the Bureau’s program 
was to mix the element to be observed with pure copper 
powder in the atomic ratio 1:1000. At this low con- 
centration, the relative line intensities are not appreci- 
ably altered as a result of self-absorption of radiation by 
surrounding atoms undergoing a reverse transition at 
the same frequency. The mixtures were pressed into 
solid electrodes and burned in a 10-amp d-c arc, which 
was entirely imaged within the collimator of a stigmatic 
grating spectrograph. A rotating stepped sector ahead 
of the slit reduced strong lines to suitable levels of 
exposure. 

The apparent intensity of each line of the added 
element was estimated relative to selected copper lines 
throughout the range from 2000 to 9000 A. The spec- 
trum of pure copper was photographed beside that of 
the mixture; a reference spectrum of the pure state of 
the element under study was also photographed. 

The intensities of the selected copper lines that served 
as internal standards were then measured, by photo- 
graphic photometry, relative to the known energy distri- 
bution in the spectrum of an incandescent tungsten 
strip at an actual temperature of 2800 °K. Between 
2000 and 3300 A, the spectrum of the tungsten strip is 
too faint to serve as a comparison; also, a false contri- 
bution is made to the spectrum by intense light of longer 
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(Left) B. F. Scribner places the electrodes in a 
holder which is set on an optical bench of a stig- 
matic rating spectrograph, and then (right) sends 
current through the are to vaporize electrode ma- 
terial and excite the spectrum. 


wavelengths scattered from the grating. For this rea- 
son, the copper lines down to 2500 A were measured 
relative to a hydrogen arc lamp calibrated at the Bureau. 
The lines between 2000 and 2500 A were corrected by 
extrapolation. With the measured relative energies of 
the selected copper lines as standards, the apparent in- 
tensities of the lines of the 70 elements were adjusted 
to a scale of true relative energy through nearly the 
entire spectral range. 

Comparisons with other intensity measurements in 
individual spectra indicate that the NBS spectral-line 
intensities may have errors of 20 percent on the 
average. 

The Bureau’s method of deriving line intensities from 
arc spectra of elements diluted in copper was recently 
adopted by Allen ° to obtain oscillator strengths of some 
radiations from 3200 to 5400 A representing nine 
elements. 


‘Tables of spectral-line intensities, observed and com- 
piled by William F. Meggers, Charles H. Corliss, and 
Bourdon F. Scribner, NBS Mono. 32 (1961). Part I in 
press; Part II available for $3.00 from the Superintendent 
of Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C. 

? Researches in spectrum-analysis in connection with 
the spectrum of the sun, by J. N. Lockyer, Phil. Trans. 
164, 479-494 (1874). 

* Oscillator strengths from arc spectra of diluted cop- 
per alloys, by C. W. Allen and A, S. Asaad, Monthly 
Notices, Roy. Astron. Soc. 117, 36-49 (1957); Oscil- 
lator strengths of neutral atoms of the iron-group, by 
C. W. Allen, Monthly Notices, Roy. Astron. Soc. 121, 
299-332 (1960). 
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Ferrous Sulfate Dosimeter 


THE FERROUS SULFATE dosimeter is widely used 
to determine the total absorbed dose of intense X- and 
gamma radiation. Karl Scharf and Richard M. Lee 
of the Bureau have shown that the detection limit of 
this dosimeter, using the standard spectrophotometric 
method, can be lowered from about 4,000 to 2,000 rads 
by determining the absorbance of the irradiated solu- 
tion at 224 my rather than at the usual 304 my.!_ Their 
investigation, which was sponsored by the Atomic 
Energy Commission, showed that readings made at 
224 mp are more sensitive and accurate, and less de- 
pendent upon both temperature and sulfuric acid 
concentration. 

The ferrous sulfate dosimeter depends upon the oxi- 
dation of ferrous (Fe**+) to ferric (Fet**) ions as a 
result of exposure to ionizing radiation. Usually a 
solution consisting of 1 mM ferrous sulfate in 0.8N 
sulfuric acid is exposed to radiation. The primary 
effect of radiation on such a solution is the splitting 
of water molecules; the resulting radicals react with 
the ferrous ions to form ferric ions. The standard 
method for determining the extent of this oxidation— 
and thereby measuring the absorbed dose—is to meas- 
ure the absorbance of the solution with a spectropho- 
tometer at a wavelength of 304 mp, using a l-cm 
absorption cell. Measurements of absorbed dose can 
be easily and reproducibly made with this procedure, 
and are convenient in that the absorbing characteristics 
of the solution are quite similar to those of human 
tissue. 
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Extended 


In the Bureau’s study, the absorbance spectrum of a 
ferric sulfate-sulfuric acid solution was determined with 
a recording spectrophotometer. The resulting curve 
showed a peak at 224 my that is twice as high as the 
peak at 304 mp, the wavelength normally used with this 
dosimeter. The absorption band at 224 my is wide 
enough so as to be insensitive to small deviations in 
wavelength settings. 

Comparative measurements were made at 224 and 
304 my of ferric sulfate solutions of different concen- 
trations and acidities. The molar extinction coefficients 
of ferric ions obtained from these measurements are 
2,196 liter mole*cm at 304 mp and 4,565 liter 
mole-tcm™ at 224 mp, making the absorbance at 224 
mp twice as large as at 304 mp. The temperature de- 
pendence of the molar extinction coefficient is much 
lower at 224 mp (0.13%/deg) than at 304 mp 
(0.69% /deg). 

To show the feasibility of using absorbance measure- 
ments at 224 mu for actual dose measurements, equal 
amounts of ferrous sulfate-sulfuric acid solutions were 
exposed to the gamma radiation of a 1,000-curie 
cobalt 60 source for various time periods. The ferric 
ion yield produced by different absorbed doses deter- 
mined by absorbance measurments at both wavelengths 
agrees to within 1 percent. The standard deviation of 
the data obtained at 224 mp is smaller than that at 
304 muy. 


1 For further details, see Investigation of the spectro- 
photometric method of measuring the ferric ion yield in 
the ferrous sulfate dosimeter, by Karl Scharf and Rich- 
ard M. Lee (Radiation Research, to be published). 


R. M. Lee pours irradiated solution into a 1-em absorp- 
tion cell prior to determining the absorbance in a 
spectrophotometer. As the measurement is temperature 
dependent, a water jacket has been built around the 
cell compartment to control its temperature. 
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Allen, Kushner, Hudson Named Division Chiefs 


Dr. Harry C. Allen, Jr., Dr. Lawrence M. Kushner, 
and Dr. Ralph P. Hudson have been appointed to head 
three NBS Divisions. 

Dr. ALLEN has been named Chief of the Analytical 
and Inorganic Chemistry Division. He will direct the 
Bureau’s program of preparation, purification, and 
characterization of materials. In this program, the 
Bureau develops and improves methods for the measure- 
ment of the chemic.s! properties, composition, and 
behavior of substances; prepares standard reference 
materials of known composition or properties; and 
makes accurate measurements and collects data on 
chemical systems. It also studies the properties of 
molecules and atoms in their relation to chemical re- 
actions, maintains competence in specialized areas of 
modern chemistry, and provides technical and advisory 
services pertinent to its responsibilities. 

Since 1954, Dr. Allen has been working at the Bureau 
on the analysis of high-resolution infrared spectra of 
gases, and the theory of molecular spectra. He spent 
the year 1959-1960 in the Department of Theoretical 
Chemistry at Cambridge University in England as part 
of the NBS Training Program. Prior to becoming 
an NBS staff member, Dr. Allen was an Assistant Pro- 
fessor of Physics at, Michigan State College. 

Dr. KusHner is Chief of the Metallurgy Division. 
He replaces Dr. James I. Hoffman, recently appointed a 
Consultant to the Director, who is studying problems 
associated with the pure materials program. 

In his new post, Dr. Kushner will be heading research 


directed toward a better understanding of the properties 


of metals in order that improved metals and alloys may 
be developed to meet new requirements or to give 
better performance. Fundamental information is 
needed, and much of the work is designed to further 
understanding of metals and alloys in terms of their 
constituent atomic units. Particular emphasis is placed 
on problems related to corrosion and fatigue, to the 
preparation of pure metals, and to metals subjected to 
high temperatures. Crystal growth, electronic prop- 
erties, atom mobility, and lattice imperfections of metals 
are studied as well as the effect of treatment, fabrication, 
and conditions of service on their structure, behavior, 
and properties. 

Dr. Kushner came to the Bureau in December 1948 as 
a physical chemist in the Surface Chemistry Section. 
For a number of years he conducted a series of experi- 
mental investigations of the structure of colloidal elec- 
trolytes and nonionic surface-active agents in aqueous 
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solutions. In 1954, he received the Department of Com- 
merce Award for Superior Accomplishment for this 
work and, early in 1956, was appointed Assistant Chief 
of the Surface Chemistry Section. 

Later in 1956, he was transferred to the Metallurgy 
Division to organize a research group for fundamental 
theoretical and experimental investigations of metals. 
The present Metal Physics Section, whose program is 
concerned with the application of modern theories of 
the solid state to metals, is the result of these efforts. 
Dr. Kushner was Chief of the Section from 1956 until 
his present appointment. 

Dr. Hupson has been appointed Chief of the Heat 
Division. Heat measurement, standards, and related 
research play a most important role in modern science 
and technology. The Heat Division discharges impor- 
tant responsibilities in these areas through the mainte- 
nance of the National standards for heat measurements. 
Internationally agreed upon temperature standards are 
maintained to assure a common scale upon which all 
temperature measurements are based. A strong re- 
search program aims to keep these standards adequate 
for the expanding National needs. In addition, sup- 
porting research on the physical properties of solids 
and gases at both low and high temperatures includes 
studies in low-temperature physics, in statistical thermo- 
dynamics, in high-temperature processes, in high- 
pressure thermodynamics, and in various aspects of 
plasma physics. 

Dr. Hudson took part in the low-temperature experi- 
ments conducted at the Bureau which demonstrated 
that the quantum mechanical law of conservation of 
parity does not hold in beta decay. In 1957, Dr. Hud- 
son was one of four NBS scientists who jointly received 
the Department of Commerce Gold Medal and the 
Washington Academy of Science Award for this dis- 
covery. That year he also received the Department’s 
Silver Medal for his work on establishing th~ helium 
vapor-pressure scale of temperature. 

Last year, as one of the recipients of the Guggenheim 
Award, Dr. Hudson returned to his native England to 
carry out a research and study program at Clarendon 
Laboratory, Oxford University. 

Before joining the Bureau’s staff in 1951, Dr. Hudson 
was Visiting Lecturer and Assistant Professor of 
Physics at Purdue University. During World War II, 
as a Scientific Officer for the British Ministry of Supply, 
he investigated problems of heat transfer at the Chalk 
River (Ontario) Laboratories. 


Accuracy of pH Standards Increased 


The Bureau has extended the accuracy of the seven 
pH standards * that define the pH scale from 0 to 95 °C. 
Whereas the pH was formerly certified to 0.01 unit, the 
values from 0 to 60 °C are now considered accurate to 
within 0.005-unit. This estimate includes 0.003 unit 
as a limit for the effect of random errors in the emf 
measurements and the extrapolation, with an allowance 
of 0.002 unit for possible uncertainties in the electro- 
chemical constants. Above 60 °C, the estimated un- 
certainty is 0.008 unit. 

Measurements of the acidity or basicity of solutions, 
expressed on the pH scale, are of critical importance 
in chemical analysis, medical research, and many in- 
dustrial processes. Some years ago the Bureau took 
the lead in establishing a standard pH scale * that would 
meet the practical needs of industry and possess, as 
well, the fundamental meaning demanded by science. 
Although standards for the adjustment of pH measur- 
ing equipment have been issued by the Bureau for more 
than 15 years, until recently fundamental difficulties in 
the calculation of a standard pH limited the accuracy 
in the assignment of standard pH values to two decimal 
places. 

In general, to assign values to the pH standards, the 
electromotive force of cells employing the standard solu- 
tions as electrolytes is measured. These cells utilize 
the highly reproducible hydrogen and _ silver—silver 
chloride electrodes. Computation of the pH has been 
based upon several reasonable assumed relationships 
between ionic activities and mean activities. 

During the past year, a mutually satisfactory conven- 
tion,® developed by the Bureau in cooperation with the 
chairman of the British Standards Institution’s pH com- 
mittee, has received the endorsement of the Interna- 
tional Union of Pure and Applied Chemistry. This 
convention defines uniquely the numerical value of the 
individual activity coefficient of chloride ion in the 
buffer solutions. 

To extend the accuracy of the pH standards, the 
original emf data have now been re-examined. With 
the aid of the new convention, the standard reference 
values of pH from 0 to 95 °C have been recalculated 
with a single consistent set of standard potentials and 
electrochemical constants. 
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Radionuclide Standard Materials Issued 


A new radionuclide standard sample, yttrium 88, and 
re-issues of two previously available radionculides, zinc 
65 and manganese 54, are now available. All are 
gamma-ray standards, two in the form of point sources 
deposited on mylar film, one in solution form. 

Yttrium 88 is an electron-capturing nuclide, emitting 
an X-ray (14 kev), and gamma rays (0.91, 1.85 and 
2.76 Mev), all of which are very useful for spectrometer 
calibration. Standards of this radionuclide (NBS 
Standard Sample No. 4998), which has a half-life of 
107 days, have a nominal activity of 3X10* dps 
(disintegrations per second). 

The re-issued zinc 65 standard (NBS Standard 
Sample No. 4930) is available in solution form (ap- 
proximately 5 ml). It has a nominal activity of 
1.4.X 10° yps and its half-life is 244 days. The standard 
of manganese 54 (NBS Standard Sample No. 4997) 
has a nominal activity of 7X 10* dps and its half-life is 
312 days. 

The yttrium 88 and manganese 54 standards, both 
issued as point sources, may be ordered singly under 
the general licensing provision of the Atomic Energy 
Act of 1954 and may be purchased for $42.00 and 
$38.00, respectively. The zinc 65 standard, however, 
may be ordered only under the special licensing pro- 
visions of the 1954 Act. A copy of the purchaser’s 
current AEC By-Product Material License should there- 
fore be on file at the Bureau in order to purchase the 
zinc standard for $20.00. 

All orders for the radioactivity standards should be 
addressed to Miss Elizabeth M. Zandonini, Radio- 
activity Standard Samples, Radioactivity Section, 
National Bureau of Standards, Washington 25, D.C. 


*The materials from which the standard pH solutions 
are prepared and other standard materials issued by 
the National Bureau of Standards are described in NBS 
Circular 552, Standard Materials. This circular may be 
ordered for 35 cents from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 25, 
D.C. Up-to-date supplementary inserts, which are issued 
periodically, are available upon request directly from the 
National Bureau of Standards. 

* Standardization of the pH scale, NBS Tech. Bull. 31, 
138 (1947). 

5 R. G. Bates and E. A. Guggenheim, Pure and Applied 
Chemistry 1, 163 (1960). 
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BY EXPOSING SUBSTANCES to gamma radiation 
under high pressure, the Bureau has prepared polymers 
from normally nonpolymerizing monomers? such as 
carbon disulfide. The reaction is initiated by the 
radiation and favored by pressure. With such a com- 
bination of conditions, solid polymers can be obtained 
from monomers which, at best, normally produce oils. 
Preparation of the polymers, carried out by L. A. Wall, 
D. W. Brown, and R. E. Florin of the polymer structure 
laboratory, is part of a program for the U.S. Army 
Research Office. Initiated to increase knowledge of 
radiation and polymerization kinetics and mechanisms, 
the program may provide a basis for production of new 
types of polymers. 

Many molecules that have double or triple bonds in 
their chemical formulas do not form macromolecules 
under usual conditions. In general, when attempts are 
made to polymerize such molecules, the chemical 
equilibrium shifts toward monomer instead of polymer 
production. However, if high pressure is applied, the 
equilibrium will be displaced to favor polymerization. 
Pressure also increases the rates of certain reactions 
producing high polymers, at the expense of other reac- 
tions that would tend to prevent polymer formation. 


In the Bureau study, degassed liquid monomers are 
distilled under vacuum to a detachable pressure bomb 
and compressed under high pressure before being 
exposed to gamma radiation. The monomers are de- 
gassed and kept free of air to eliminate the possibility 
of interfering reactions with oxygen. 

The bomb in which the monomer is placed is designed 
to withstand pressures of 10,000 to 15,000 atm for an 
extended period of time. Additional bombs now being 
made will permit studies at 30,000 atm and 25 °C and 
at 10,000 atm and 400 °C. Pressure is applied to the 
bomb, a simple metal cylinder, by a piston driven by a 
manually operated hydraulic ram. So that the bomb 
will retain this pressure when it is removed from the 
hydraulic press, a threaded cap follows the piston and 
holds it in the bomb. A Bridgeman-type seal ? prevents 
the bomb contents from leaking past the piston. With 
this design, the pressure on the sample can be main- 
tained indefinitely while gamma irradiations are being 
performed. 

After the required amount of pressure has been ap- 
plied, as calculated from the oil pressure in the hydrau- 
lic press, the monomer in the pressure vessel is lowered 
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into a pool and irradiated for a specified time with either 
a 1,200-curie or a 50,000-curie cobalt 60 source shielded 
by water. The maximum dose rate in the bomb is either 
about 0.13 Mr/hr or 3.2 Mr/hr. 

Following the irradiation, any liquid is evaporated to 
determine whether polymerization has occurred. The 
material remaining after evacuation and heating at 
100 °C for 4 or more hours is weighed in order to 
determine the yield of polymer. Then the character- 
istics of the polymer are determined by such methods 
as infrared spectroscopy, solubility and fusion tests, 
and pyrolytic decomposition. 


Top, D.W. Brown carries out the first step in preparing polymers by a combination of high pressure and gamma 


radiation. 
with the polymerization. 
monomers into a manually operated hydraulic press. 


disulfide) at 270, 350, and 420 °C. The polymer degraded rapidly at the initial stage of pyrolysis. 
of degradation decreased and leveled off almost to zero. 


30-percent residue, consisting primarily of carbon. 
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Here he distills liquid monomers to a pressure bomb under vacuum to prevent oxygen from interfering 
Bottom, Next, to apply pressure to the specimen, Brown loads the bomb containing the 
Center, Graph showing consecutive pyrolysis of poly (carbon 


Then the rate 
Further heating at the higher temperatures yielded a 
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Initial studies have been conducted on n-perfluoro- 
heptene-1, «-methylstyrene, and carbon disulfide. When 
perfluoroheptene was subjected to the appropriate pres- 
sure and radiation, a moderate amount of a medium- 
molecular-weight polymer was obtained. The data 
show that pressures of 11,000 to 15,000 atm at room 
temperature accelerate the rate of polymerization of the 
perfluoroheptene by a factor of about 30 over the rate 
at atmospheric pressure. Intrinsic viscosities and solu- 
bilities of samples of these polymers in boiling benzene 
and other solvents reveal that the molecular weight is 
higher at the lower dose rates. Thermal decomposition 
studies for the highest melting sample indicate a num- 
ber average molecular weight exceeding 5,000. 
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The polymerization rate of «-methylstyrene seems to 
depend primarily upon the dose rate. Although almost 
no polymer was obtained when the monomer was 
irradiated at normal pressure, at 10,000 atm and 25 °C, 
18 molecules of «a-methylstyrene were converted to high 
polymer for every 100 electron volts of energy absorbed 
from the gamma radiation. The molecular weight of 
this material as determined by the viscosity method is 
approximately 50,000. 

The yield of polymer from carbon disulfide at 15,000 
atm and 25 °C was small when a low dose rate was used. 
Irradiation at higher dose rates and 100 °C improved 
the yield. When heated to 270 °C in a vacuum, the 
poly(carbon disulfide) depolymerized partially to re- 
generate its own monomer. Its rate of decomposition 
at 270 °C dropped to a negligible value at 41 percent 
conversion. Further heating at 350° and 420 °C pro- 
duced complex products containing sulfur and carbon, 
and finally a carbon residue consisting of about 30 
percent by weight of the initial sample. 

Polymerization, in general, follows a three-step proce- 
dure: initiation, propagation, and termination. In the 
Bureau work, radiation initiates the polymerization by 
breaking up some of the monomers. Until expended, 
the fragments thus produced diffuse throughout the 
medium, collide, and fuse with monomers to form 
polymeric chains. 


gamma radiation 


Although the data gathered in these preliminary ex- 
periments are not sufficient to warrant detailed conclu- 
sions, some general theories have been formulated. 
Predictions of the effects of pressure on individual rate 
constants are based on the assumption that the volume 
in the transition state is intermediate between the 
volumes of the reactants and the products. Thus, the 
rate constants for propagation and termination are 
predicted to increase exponentially with pressure, 
whereas the rate constant for dissociation of a molecule 
into free radicals will decrease. As pressure represses 
the production of free radicals, the chance of radicals 
colliding and recombining into small molecules instead 
of macromolecules declines. Therefore, it is assumed 
that under specific conditions of pressure and irradi- 
ation, sufficient collisions occur between molecules to 
support the polymer growth. 

The monomers and fragments produced by radiation 
must be able to diffuse through the medium in order to 
combine. Because the application of high pressure 
produces a more viscous and less diffusible material, the 
temperature of the substance must be raised enough dur- 
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ing an experiment to overcome such an effect. Thus, 
a moderate constant temperature is maintained through- 
out the experiment to prevent crystallization and to pro- 
mote diffusion. If the material is in a liquid phase, with 
propagating centers surrounding the monomer mole- 
cules, diffusion should be no problem. 


Exploded view of detachable pressure bomb used in 
polymerization experiments. When the piston (center) 
is driven by the hydraulic press it applies pressure to 
the monomer within the metal cylinder. The threaded 
cap holds the piston in the bomb so that the bomb will 
retain the high pressure after removal from the press. 
Pressure up to 15,000 atm can be applied to this bomb. 


Dr. F. RatpH Kotter has been named Chief of 
the newly established High Voltage Section of the 
Electricity Division. 

Dr. Kotter’s section will have responsibility for 
extending the unit of voltage to levels of concern 
in high-energy physics as well as in long-range 
electric power transmission; providing calibration 
services to permit and promote uniformity and 
accuracy in high-voltage measurements throughout 
the USA; and conducting research on improved 
measurement techniques at high-voltage levels, and 
also on the properties of materials under conditions 
of high electrical stress. 

Since 1955, Dr. Kotter has been working with 
standards of inductance and capacitance at NBS. 
Prior to this, he was an Assistant Professor and an 
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1 Paper on “Radiation-induced polymerization at high 
pressures,” by Leo A. Wall, D. W. Brown, and R. E. 
Florin, presented before Polymer Division, 140th Meet- 
ing, American Chemical Society, Chicago, Ill., Sept. 3-8, 
1961. 

?P. W. Bridgeman, The physics of high pressure, 
O. Bell and Sons, 1952. 


Closeup of the 50,000-curie cobalt 60 source employed 
in studies of polymerization by radiation at high pres- 
sure. 


Kotter Chief of New High Voltage Section 


Instructor in electrical engineering at MIT while 
he worked for his Sc. D. 

From 1942 to 1947, he was with the Ordnance 
Division of NBS (now the Diamond Ordnance Fuze 
Laboratories) developing and testing new ordnance 
devices, introducing them to the Armed Forces, and 
observing their operation under combat conditions. 
Dr. Kotter joined NBS as a laboratory apprentice 
in 1935. 

Dr. Kotter received his B.S. in physics from the 
University of Utah in 1937, and his A.M. from 
George Washington University in 1940. He has 
been elected to Phi Beta Kappa, Phi Kappa Phi, 
Sigma Pi Sigma, and Sigma Xi. He is also a 
member of AIEE, a Fellow of the American Physi- 
cal Society, and was recently elected to membership 
in the Washington Academy of Sciences. 
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Tonization Chamber 


For Determination of Total X-Ray Beam Energy 


AN IONIZATION CHAMBER capable of determin- 
ing the total amount of energy transported in a betatron 
or synchrotron X-ray beam to within 2 percent has 
been developed and calibrated by J. S. Pruitt and S. R. 
Domen? of the Bureau. Knowledge of total beam 
energy is necessary for almost all experiments per- 
formed with X-rays, such as the determination of nu- 
clear cross sections and the measurement of the X-ray 
energy incident on a patient being treated for cancer. 
This ionization chamber fills the need for a rapid, 
simple, accurate means of determining total beam 
energies, and will replace ithe slower absolute 
techniques. 

The total energy in an X-ray beam can be estimated 
from relatively inaccurate measurements made with a 
thimble chamber (r-thimble), or can be measured more 
accurately with an absolute device. At the Bureau total 
beam energies have been measured with both a scintil- 
lation counter and a calorimeter. However, measure- 
ments made with these absolute devices are too detailed, 
delicate, and time consuming to be made on a routine 
basis. Therefore, absolute devices were used to cali- 
brate the total-energy ionization chamber, which in turn 
is used to calibrate other devices, or to measure total 
beam energies directly. 

The Bureau total-beam-energy ionization chamber— 
designated the P2 chamber—was designed so that its 
calibration changes slowly with experimental conditions 
over a wide range. It has been used to measure total 


Partially disassembled view of the ionization chamber 
developed to measure the total energy in betatron and 
synchroton X-ray beams. Incident X-rays pass through 
the thick aluminum filter (far right) in the front of the 
chamber before entering a 5-cm-thick air space. This 
air space is divided into segments by alternate inter- 
leaved high-voltage and collector plates. The ion charge 
is measured with a vibrating reed electrometer-capacitor- 
potentiometer circuit. The cover has been removed in 
this photograph for clarity. 
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beam energies for beams less than 20 cm in diameter 
having intensities between 0.4 and 1,000 uw/cm ? and 
with peak photon energies between 6 and 170 Mev. 


Physical Description 


Beams of X-rays incident upon this chamber pass 
through a 9.4-cm-thick aluminum (Dural) disk before 
entering the ionization region. This thick disk is used 
to reduce the dependence of the chamber calibration 
on peak photon energy. The ionization region consists 
of a 5-cm-thick air cavity, divided into 12 segments by 
thin (0.76 mm) Dural plates. These plates are alter- 
nately high-voltage and collector plates, mounted in 
two interleaved stacks. The two outermost plates are 
high-voltage plates and are considerably thicker than 
the others. This construction provides high sensitivity 
and low leakage, for use with low-intensity beams, and 
a small probability of ion recombination, for use with 
high-intensity beams. The chamber can be dismantled 
and reassembled without affecting the calibration. 


Chamber Calibration 


One of the Bureau chambers, designated P24, has 
been calibrated over the range 6-170 Mev peak photon 
energy using beams from the Bureau’s betatron or 
synchrotron. The calibration is in terms of the 
coulombs of ionization charge collected in dry air (at 
22 °C and 760 mm Hg) per joule of incident radiation 
energy. X-rays produced in either one of the accelera- 
tors were passed through a monitor? and into the 
ionization chamber, and the ion charge per unit monitor 
response was determined. Then the chamber was re- 
placed with an absolute energy measuring device, and 
the total incident beam energy per unit monitor re- 
sponse was found. In this way the total beam energy 


View of the assembled ionization chamber used to de- 
termine total X-ray beam energies. The temperature of 
the air within the chamber is determined at the time 
of each run with the thermometer entering near the top, 
as deviations from the standard temperature of 22 °C 
must be accounted for in the calculations. The air is 
dried by the attached desiccant (near bottom) to elimi- 
nate corrections due to relative humidity. 
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could readily be related to the ion charge coliected in the 
chamber. All calibrations were corrected for the 
temperature and pressure of the air, the thickness and 
atomic number of the beam filters, and the diameter 
and intensity distribution of the incident beam, al- 
though the chamber design is such that these correc- 
tions are often negligible. 

Using the proper materials, and conforming closely 
to the standard dimensions, it is possible to construct a 
P2 chamber that would be in good agreement with the 
P2-4, chamber. However, the NBS calibrations can 
most reliably be transferred to other laboratories by 
direct experimental comparison with the standard 
instrument P24. Eleven total-energy ionization cham- 
bers have been compared; four are in use at the Bureau, 


SYNCHROTRON 


Experimental arrangement used 
in calibration of the ionization 
chamber. X-rays produced with 
the synchrotron (or betatron) 
pass through a monitor and enter 
the chamber, and the ion cur- 
rent per unit monitor response 
is determined. The ionization 
chamber is then replaced with 
an absolute device, and the total 
energy per unit monitor re- 
sponse is measured. After cali- 
bration, the chamber can be used 
to calibrate other monitors Cit is 
smaller and faster than an abso- 
lute device) or to measure beam 
energy directly. 


one is at the University of Illinois, two are in Japan, 
and there is one each in France, Germany, Switzerland, 
and Yugoslavia. These intercomparisons have been 
made wtih accuracies within a few tenths of a percent. 
As the intercomparison error is a negligible fraction of 
the calibration error, calibrations can be transferred 


without appreciable loss of accuracy. 


For further technical details, see Determination of 
total X-ray beam energy with a calibrated ionization 
chamber, by J. S. Pruitt and S. R. Domen, to appear as 
an NBS monograph. 

°The monitor used in these experiments was a thin- 
walled ionization chamber about 4 in. in diameter and 
having 150 v applied across the terminals. A current 
measuring system identical to that employed with the 
chamber is used. 


Improved Dielectric Specimen Holder 


For Accurate Measurements of Standard Reference Specimens 


AN IMPROVED three-terminal dielectric specimen 
holder + has been developed by A. H. Scott and W. P. 
Harris to meet the need for a highly accurate method 
of measuring standard dielectric reference specimens 
at room temperature over a frequency range of 100 
c/s to 100 kc/s. 

Accurate measurements at room temperature pro- 
vide an anchor point from which to.expand the tem- 
perature range of dielectric measurement. This 
expansion can be achieved by using the standard 
reference specimens in a simplified holder intended 
for use over a wide temperature range. 

An advantageous feature of the holder design is that 
it permits determination of the residual losses in the 
holder and in the standard capacitor of the bridge used 
for dielectric measurements. Consequently, one no 
longer must depend upon estimates of these residual 
losses when evaluating the loss measurements made on 
the specimen. Another advantage is that the microm- 
eter used to measure the electrode spacing is not used 
to position the movable electrode; therefore, the 
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spacing can be determined with great precision. This 
second advantage combined with the three-terminal 
feature makes the holder especially useful for air-gap 
measurements. 

The dielectric properties of materials often set 
operating limits for electrical equipment. Standard 
reference specimens?” of dielectric materials are thus 
needed to check various techniques and equipment for 
measuring their dielectric constant and dissipation 
factor. The properties of the reference specimens 
must be known apart from the methods and equipment 
used to measure these properties. Residual losses and 
capacitances in the specimen holder must therefore 
either be negligible or be accurately determined and 
separated from those in the specimen. 

Since the dielectric properties of most materials 
suitable for standard reference specimens are affected 
by ambient humidity and temperature, these properties 
must be studied under various environmental condi- 
tions. Obviously, the residual losses in the holder 
must be evaluated under the same sets of conditions. 
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Residual loss angles in the Bureau’s holder and 
bridge standard capacitor, caused by losses in surface 
films on the stainless steel electrodes and by series re- 
sistance in the leads, were found not to exceed a few 
microradians at frequencies from 100 c/s to 100 ke/s. 
Measurement of the dissipation factor showed that 
almost all the loss is in the surface film on the elec- 
trodes. The series resistance of the leads was kept 
negligible by proper choice of cable type. The effect 
of the relative humidity of the surrounding atmosphere 
on the surface losses was also determined. 

Because these residual losses can be accurately 
measured and corrections for them applied, the Bu- 
reau’s holder-bridge combination can be used to deter- 
mine the losses of solid-disk specimens of low-loss 
materials for which the loss contribution of the elec- 
trode surface may be an appreciable fraction of the 
total loss. Such specimens may then serve as stand- 
ards of reference so that measurements obtained with 
available time, equipment, and techniques can be cor- 
rected to more accurate values. A_holder-bridge 
combination of this type could be used in testing lab- 
oratories to accurately evaluate dielectric reference 
standards. 

Routine dielectric measurements are often made in 
quantity using the two-terminal method of open-type 
measurement, with corrections made for edge capaci- 
tance and ground capacitance of the test specimen. 
Standard dielectric reference specimens permit a check 
to be made of the accuracy of such measurements. 

Recently, two-terminal holders which eliminate most 
of the edge capacitance and all of the ground capaci- 
tance obtained with the open-type measurement have 
come into general use. These holders permit fairly 
rapid measurements, but the capacitance measurements 
include various extraneous quantities, so that standard 
dielectric reference specimens are again useful for 
checking techniques and values. 

The Bureau’s holder is used in conjunction with a 
variable bridge standard capacitor to make dielectric 
measurements using the three-terminal guard-ring 
method. Use of the guard ring eliminates most of 
the errors caused by capacitances to ground. 

The holder consists of a heavy cylindrical case of 
nickel-plated brass with the electrodes mounted co- 
axially inside. The guarded electrode and surround- 
ing guard ring are mounted on a ceramic disk which 
was ground to nearly optical flatness and fitted into 
a machined recess in the base of the case. A uniform 
gap is maintained between the guarded electrode and 
the guard ring. Screws holding this electrode assem- 
bly against the base plate make the electrical connec- 
tion between the guard ring and the case. The surface 
of the electrode assembly on which the specimen is 
placed is optically flat. 

The upper (movable) electrode is also mounted on 
an accurately ground ceramic disk, which is in turn 
mounted on the machined surface of a metal disk 
attached to the central guide rod. The guide rod ex- 
tends upward through the case and is positioned with 
a thin nut located just above the top of the case. A 
bellows prevents rotation of the movable electrode 
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W. P. Harris positions the 
movable electrode of the 
improved dielectric speci- 
men holder. 


Schematic diagram of the Bureau’s improved dielectric 
specimen holder showing the guard ring and the mi- 
crometer used to determine the position of the movable 
electrode. The holder was especially designed for use 
with solid-disk specimens of materials having low losses 
that may be suitable for standard reference specimens. 


Wheel engranee with 


lines & numbers to 
| Vm ——— micrometer 
| (ie ee 
We Clamp to hold 


__——~ micrometer 


Poly(Methylmethacrylate) 


__— Spacing nut 


-—Bronze bellows 


Connection to 
Guide “unguarded electrode 


bearings 


Steatite 
Insulator 


Unguarded 
electrode 


Guard ring 


@ SS 
Be ZeeL? 


WESSASESRSSES 
ie Sh SS? 
i ey 


~Connection to guarded electrode 


Steatite insulator 


211 


assembly and applies a force tending to move the 
movable electrode toward the guard-ring assembly. 

The position of the movable electrode, and there- 
fore the electrode spacing, is measured by means of 
a micrometer mounted directly above the upper end 
of the guide rod. The micrometer is screwed down to 
just touch a steel ball mounted on the end of the guide 
rod. With a little practice, different observers can 
repeatedly measure the spacing within 1p. 

A second specimen holder quite similar in basic de- 
sign to the first is under construction. Provision is 
being made for interchangeable electrodes, and several 
sets of electrodes are in preparation. These electrodes 
are made of a number of materials, and will be used 


to determine which material yields the lowest losses in 
surface layers. In addition to measurements on un- 
plated solid electrodes, measurements are planned to 
determine surface losses when platings of various kinds 
are applied to some of the electrode sets. 


‘For further details, see Residual losses in a guard- 
ring micrometer-electrode holder for solid-disk dielectric 
specimens, by Arnold H. Scott and William P. Harris, 
J. Research NBS 65C (Eng. & Inst.), No. 2, 101-112 
(1961). 

2 A study of materials for their suitability as standard 
dielectric reference materials, by A. H. Scott and W. P. 
Harris, 1959 Ann. Rept., Conf. on Electrical Insulation, 
Nat. Acad. Sci.-Nat. Research Council, Publ. 756, 1 
(1960). 


Automatic Purification by 
Preparative-Scale Chromatography 


FULLY AUTOMATIC purification of liquids by gas- 
liquid chromatography is now possible with apparatus 
developed by M. Tenenbaum and F. L. Howard of the 
pure substances laboratory. Using automatic, timed 
sample injections and automatic collection based on 
peak height on a recorder, the preparative-scale 
chromatograph has produced materials of 99.95 percent 
purity. In purifying large quantities, it can be operated 
without interruption for an indefinite period. It has 
been found especially suitable for purifying the major 
component in a solution containing small amounts of 
impurities. 

This purification system is relatively easy to con- 
struct and requires only simple electrical controls. 
Sample contamination is avoided because the sensitivity 
of the detector is preset so that the collection valve is 
controlled only by the recorder trace of the major 
component. 


Gas Chromatography 


In the past decade gas-liquid chromatography has 
developed into an effective and widely used method of 
separating mixtures. Although it has been utilized 
chiefly for analysis, its use in preparing pure materials 
has gradually expanded. In general, separation is 
achieved by passing the mixture under study through 
a long column containing a stationary phase, which con- 
sists of a solid support such as firebrick, coated with 
a liquid partitioning agent. When a mixture is injected 
into the system, it is heated to the vapor state and then 
carried through the column by an inert gas, such as 
helium. Because of the selective retardation exerted 
by the stationary phase, the components in the gas 
stream migrate through the column at different rates, 
depending on their individual affinities for the station- 
ary phase. As a result, the components are separated 
by elution in such a way that the products that are 
absorbed least strongly emerge from the column first. 

For automatic operation,’ the collection devices pre- 
viously employed generally used a rather complex elec- 
tronic controller and required a synchronized preset 
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program during unattended periods. In such devices 
changes in operating conditions, such as temperature 
of the column or flow rate of the carrier gas, could cause 
the sample input to become out of phase with the timed 
collection cycle and thus contaminate the product. 
Instead of a timing mechanism, the Bureau’s collection 
device is activated by a predetermined position, i.e., the 
characteristic peak of the desired component, on the 
detector’s recorder scale. 

The detecting system used to signal the appearance of 
the components is based on measurement of thermal 
conductivity. When a constant flow of gas passes over 
a fine wire heated by an electric current, the rate of 
heat loss by the wire is constant. A change in compo- 
sition of the gas stream will alter the thermal conduc- 
tivity. This causes a change in heat loss which results 
in a change in resistance. These changes are amplified 


~ and recorded as a series of peaks on the chart of a 


recording microvoltmeter. The peak height and/or 
peak area on this plot is roughly proportional to, and 
thus represents, the relative quantity of a specific 
component. 


Purification Cycle 


In the Bureau purification process, the mixture is 
automatically introduced into the column with a micro- 
bellows pump which can deliver from 0.05 to 1.0 ml 
per stroke. The pump is activated by a cam timer 
driven by a clock motor and de-activated by a micro- 
switch and locking relay circuit. By setting the clock 
controlling this pump, a new aliquot will be automat- 
ically injected at specific intervals depending on the 
retention times of the components being separated. 
Usually the cycle is 20 to 60 min. 

Upon leaving the pump, the mixture is vaporized in 
a flash evaporator just before entering the column. It 
is then carried through the column by the carrier gas. 

The experimental fractionating column used in 
Bureau purifications consists of four 2.3-m lengths of 
straight copper tubing of about 1.3-cm inner diameter. 
These lengths, packed with firebrick coated with poly- 
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ethylene glycol, are connected in a series to produce a 
column 9 m long. 

As the gas emerges from the column, the components 
are detected by the hot wire thermal conductivity unit. 
By means of a small needle valve, the flow of the gas 
is adjusted so that about one percent of the total effluent 
from the column passes through the detector. The rest 
of the stream is carried to two solenoid valves con- 
trolled by a microswitch mounted on the recording 
potentiometer. When the major component causes the 
recorder pen to reach a predetermined position on the 
scale, the solenoid valves are activated through a relay. 
This action directs the desired component through one 
of the valves into a cold trap where it is cooled to its 
liquid state. Then when the recorder pen has returned 
to the activation point, the remaining portion of the 
sample (including some of the impurities) is vented to 
the atmosphere through the other valve. At a prede- 
termined time, the next aliquot is injected and the puri- 
fication cycle repeated. During weeks of continuous 
use, no difficulty due to drift of the base line of the 
recorder was experienced. 

To check the effectiveness of the apparatus, the 
Bureau used it to purify toluene and ethylbenzene. 
From freezing-point analysis, the purity of 80 ml of tol- 
uene, collected at a rate of 25 ml per day, was found to 
have increased from 99.4 to 99.95 mole percent, whereas 
the purity of 70 ml of ethylbenzene, purified at a rate 
of 13 ml per day, was increased from 99.1 to 99.8 mole 
percent. 

A complex mixture of mesitylene containing many 
impurities was found to be more difficult to purify. 
However, after two separations with the automatic ap- 
paratus, chromatographic analysis indicated the purity 
was substantially increased. 

Before the preparative-scale chromatograph can be 
operated continuously for long periods, the appropriate 
chromatographic column, column temperature, and 
gas-flow rate for the specific separation must be deter- 
mined. Experiments must be carried out to determine 
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Automatic gas-chromatographic apparatus developed for 
purifying materials. The apparatus includes automatic, 
timed sample injection, and automatic collection gov- 
erned only by the selected peak height, which is indi- 
eated on the associated recorder. 


the time that will be required for each cycle, the sensi- 
tivity setting of the detector that will permit only the 
peak due to the major component to activate collection, 
and the maximum quantity of sample that may be proc- 
essed without overloading the column. Work is being 
continued to increase the efficiency and versatility of 
the process by appropriate changes in the variables 
involved. 


1 For example, see D. Ambrose and R. R. Collerson, 
Nature 177, 323 (1956). 
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Apparatus for vacuum eyaporations (Feb.)---------------------------- 30 
Atmosphere and outer space, scatter radar investigation of upper (Oct.)-- 163 
Atmospheric wresearch, reported (Sept.) ---.—--.----22_.2_...--_.-_-._. 158 
IAtormo scequency standards (Jan) 22-222 2---=--20ce-4=- oe sa--eaease 8 
Atomic transition probabilities and collision cross sections, new data 
Co eaCeT ea ie (Ge 3) oe ese a a 3 ye a Rp 151 
Auroral ductuations, study of (Sept) —------..------.-s--seeoeeeecee 145 
Automatic purification by preparative-scale chromatography (Dec.)---- 212 
Automatic weather station, AMOS IV computer for a prototype (Jan.) -_ 13 
Award, Ambler receives Flemming (June) --------------------------- 107 
BwAriedmLes apold. medal, Judd (Noy.)a-2s22 25050. -ceden pecs es sence 196 
Awards, gold medal exceptional service, go to nine staff members 
Anxio ) ene cena eee eee Be 8 ieee Shee or Ae 104 
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Black mvoid reactor concept, (Ags) sessssesaee enon eas se naeaaeeeaes === 128 
Boulder scientist, point in Antarctica named for (May) -------------- 88 
Brass, residual stresses in and the Bauschinger effect (Dec.) ---------- 199 
Breaks ground for new NBS laboratories, Commerce Secretary (Aug.)--- 131 
Broadcasts, changes in WWV/WWVH standard (Jan.)--------------- ll 
Building Research Committee, Folsom to head NAS-NRS (Sept.) ------ 155 
Buildings, pipe sizes for plumbing stacks in (Aug.) ~------------------ 140 
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Calibration, announcement of new publication: precision measurement 
and (Jan.)essenscanss toy oa een ee ee aa eeteenenweee 17 
Calibration otegape blocks) (Rebs) see sese = aseenee seen = eee eee 2 
Calibration of inductive voltage dividers (May) ----------------------- 13 
Galibyation “of microphones: ((Novs))2=-----s6-2e eomese soca ese ae eae 188 
Calibration of optical pyrometers (Nov.)------.--_---==..-.--.-----.-. 184 
Calibration of platinum resistance thermometers (Apr.) ~-------------- 62 
Calibration service, microwave impedance (Aug.)--------------------- 136 
Calibrations, thermocouple. (Mar.)/=--2-----0 -222--se0s-oeeeaecc ene eaae 44 
Carbon 14, redetermination of the half-life of (Feb.)--------------- 21 
Cells discontinued, certification of unsaturated standard (July) --------- 124 
Cement, fourth international symposium on the chemistry of (Feb.)---- 32 
Certification of unsaturated standard cells discontinued (July) -------- 124 
Changes in WWV/WWVH standard broadcasts (Jan.) ----------------- ll 
Chemistry division reorganization announced (Feb.) ------------------- 34 
Chemistry of cement, fourth international symposium on the (Feb.)--- 32 
Chromatography, automatic purification by preparative-scale (Dec.)-- 212 
Chromatography, low-level carbonate determination by gas phase (Oct.)-- 177 
Coatings formed by cathodic protection, study of (Sept.)-------------- 156 


Cobalt 60 source, 50,000 curie (June)/22-.<.-2-----—-- =< -- a 
Colorimetry, improved standard observer for (Nov.) ------------------- 
Combustion reactions, inhibition of (July) --------------------------- 
Commerce Secretary breaks ground for new NBS laboratories (Aug.) --- 
Committees established, two technical advisory (Jan.) ----------------- 
Computer for a prototype automatic weather station, AMOS IV (Jans)i2= 
Conference on weights and measures, 46th national (Aug.)------------ 
Conferences, measurement research (Jan.) ~--------------------------- 
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Convective currents in water, study of (June)------------------------- 
Copolymer composition, determination of (Mar.) ---------~------------- 
Copper, growth rate of oxide films on (Aug.)—----------.------_--__. 
Cross Jinkage: of ‘natural’ rubber (Pebs)ssses2- 5 see eae ee 
Crystals from the vapor phase. growth of metal (Aug.) ---------------- 
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Data center on. atomic transition probabilities and collision cross 

sections; new . (Sept.)'=-225---~- 24 242 soe ee 
Determination of copolymer composition (Mar.) ---------------------- 
Determination of iron, aluminum, titanium, and zirconium, separation 

and wi(May)/ 2252 -t = ee a ee a ae ee eee ee ee 
Diamond, high-temperature heat capacity of (Sept.)------------------_ 
Dielectric specimen holder, improved (Dec.) ------------------------- 
Disturbances in a two-layer liquid system (Sept.)----_.----------___-- 
Dosimeter extended, range of ferrous sulfate (Dec.) -__---------------- 
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Effect of dodecyl alcohol on fatigue crack propagation (Oct.)--------- 
Electrode reactions, relaxation theory applied to (Nov.)-------------- 
Electrolysis ‘of simple amides, (July) #22 aes so eae 2 ee eee 
Electron densities from line broadening measurements, plasma tem- 

peratures’ -and.«(luly ie seee to. poe Pe eee eee 
Electron dose from a narrow beam source, fast (Aug.)--------_----__ 
Electron emission in the field emission region, temperature dependence 

of PUNO V5) See ee ee Se ee Sk ae ee ee eae ee 
Electron, filter ens; ‘improved’ (Oct.) 225-6 22 = es en eee 
Ephi—a radio system for investigating sferics (Apr.)---------------_-- 
Equations representing steel expansion (Apr.)------------------------ 
Ethane, photolysis: of (Mars) sso 4 3 ee ee ee eee 
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Fast electron dose from'a narrow beam source (Aug.)—--------_-_--___ 
Fatigue crack propagation, effect of dodecyl alcohol on (Oct.) —.------ 
Fifty-thousand-curie cobalt 60) source: (June)'=---2_2--___-"---- = 
Fires involving liquids, small models aid studies of extinction of (July) —-- 
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Frustrated total reflection—its application to proximity problems in 
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Gallium alloys for low-temperature bonding (Jan.) 
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Gamma-ray ‘calibration,) X= cand) (July) =2--- eee oe eee ne 
Gas phase chromatography, low-level carbonate determination by (Oct.)- 
Geomagnetic storm forecast by NBS (Sept.)---------_--:_-----__-____ 
Gold medal exceptional service awards go to nine staff members (June) -_ 
Growth of metal crystals from the vapor phase (Aug.)-_-_----__-______ 
Growth rate ‘of oxide films ‘on copper (Aug:)oce22s -2 ee eee 
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Hafnium from zirconium, separation of (Aug.) -----_---------_--_--__ 
Hetmretrigeratorm portables (Avon) mee cee eer me ene 
High-flux research reactor for new NBS site (Aug.) --_------_--_-_______ 
High-pressure polymerization induced by gamma radiation (Dec.)_---__ 
High-purity, trimethylborane, (Jume)=-=-5 eos eae eae eee eee 
High-speed three-color pyrometer (Sept.) ---_-----__-_--____-----_____ 
High-temperature heat capacity of diamond (Sept.)-__-----._-_-______ 
High voltage section, Kotter chief of new (Dec.) --_---_--_-___________ 
Hudson named division chiefs, Allen, Kushner, (Dec.) -__-------_--___ 
Hydrogen bonding in hydroxyapatites (Apr.).---.-..-....--_...-_-... 
Hydrogen-in-titanium, standard samples of, standard materials: (Oct.)_- 
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Improved dielectric specimen holder (Dec.)--------------------------_ 
Improved) electron) filter lenst \(Oct:)izsess ase een eee aoe eae 
Improved standard observer for colorimetry (Nov.)—-----------------_ 
Information searching, new microcite machine for large-scale (July) -_- 
Inhibition of combustion reactions! (July)/—sseeee=ee ene eee ee 
Interferometer, millimeter wave Fabry-Perot (Qct.) ___-_----------____ 
International practical temperature scale (Apr.)--------------------- 
Ton ustudiesspnegative. (Apr )ises= =) 222s nee er eee ee 
Ionization chamber for determination of total X-ray beam energy (Dec.) -- 
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Joint URSEIRE fall 1960) meeting (Mar:)/---------22----—--2=--==—=—=== 
Juddpawarded IES yoldeaedalim Nov.) ese a eee eee 
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Kotter chief of new high voltage section (Dec.) ---------------------- 
Kushner, Hudson named division chiefs, Allen (Dec.)---------------- 
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Lenses, measuring resolving power in precision (Apr.) --------------- 
Lenses, plane of best average definition for (Feb.)-------------------- 
Liquid system, disturbances in a two-layer (Sept.)-------------------- 
Saat carbonate determination by gas phase chromatography 
Octs) 22 nc-28es 2282 eee ese cae ane ee eee 
Low-level radioactivity laboratory established (May) ---------------~-- 
Low-temperature bonding, gallium alloys for ad 
Low-temperature reaction in copper-oxygen system (Apr.) Seca eaters 
Luminance: standards (May) ---=-2--2-=-+-5----4.-0 5-2 eee eee ee 
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Hydrocarbon blends (June) 22=---2--5-—--o-eeen eee 
Metallo-organic standard sample (Mar. ) =. .25-2302--22ee ee 
Microcopy resolution test chart (Feb.) ---------------------------- 
Radionuclides (Feb.).-2---2-+2- 3-4-2 eee ene ae 
Radionuclides’ (Dec;)...=--_--=-=---_-.+-_-.-2 
Standard for measuring the pH of blood (July) ------------------- 
Standard samples of hydrogen-in-titanium (Oct.)------------------ 
Surface flammability standard (May) ----------------------------- 
Thermometric’ cells: (Mar.) =--~-.---_-2 2-2 522s5sene ee eee 
Two radioactivity standard materials (Sept.) ---------------------- 
Measure and calibration, announcement of new publication: 
Precision (Jan;) —<-2-=-=-=5-8-~-=22s -c-225524.5 0 


Measurement of flow and elastic recovery, viscoelastometer for (May) --- 
Measurement of intragranular misorientation in metals, X-ray (Feb.)--- 
Measurement research conferences (Jan.)------------------------------ 
Measurements, plasma temperature and electron densities from line 
broadening (July) c.--2---226.-22..--.--- eee 
Measuring the pentosans and carboxyl content of cellulose, survey of 
methods for ‘(Aug.)'-2-is._-=!.-2--<.-__-- eo 
Measuring the pH of blood, standard materials: a standard for (July) --- 
Measuring resolving power in precision lenses (Apr.)----------------- 
Meeting, joint URSI-IRE) fal] 1960 ((Mar.)-_ 22 20a ee ee 
Metal crystals from the vapor phase, growth of (Aug.) ---------_----_-- 
wot ae method for determining the mechanical properties of 
NOV.) 2-25-20 ceo neades sed eeu ceen es een 
Metallurgical systems, phase-equilibrium studies in (Oct.) ---_-_-______ 
Metals, X-ray measurement of intragranular misorientation in (Feb.)_-- 
Ne ‘a determining the mechanical properties of metal foils 
OV.) weesns ceed ac cles ctecestnc d= Sek eee 
Metrology, frustrated total reflection—its application to proximity prob- 
lems; in (July)/2-=.-ss<i.22252_2=-se-5 cee eee 
Microcite machine for large-scale information searching, new (July) —_- 
Microphones; calibration of (Noy.) 222--+-__-- = 
Micropulsations, antennas for detecting (May) --------____-__--_______ 
Microwave impedance calibration service (Aug.) ---_----------______-__ 
Millimeter wave Fabry-Perot interferometer (Oct.)-._---_--_-----_---__ 
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NBS. marks sixty years (Mar:)—-5_-.------242---- oe ee 
NBS postdoctoral research associateship appointees announced (Nov.) --- 
Negative ion studies (Apr:) -2---c-2-4¢--=._2_ 2s ee 


Neutron flux, recalibration of standard thermal (Mar.)—--------___-____ 
New data center on atomic transition probabilities and collision cross 
sections, (Sept.)\..+.-++.-seecse ssc -ten eee 


New microcite machine for large-scale information searching (July) _--_ 
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Oblique-incidence riometer antenna (Noy.) -~-------~------------------- 
Optical study of supersonic boundary-layer transition (Apr.) ---------- 
Ozone formation by gamma radiation (June) --.----~-_--------_--__-_- 
ie 

pH standards increased, accuracy of (Dec.) --------------------------- 
Phase angle master standard (Sept.) --------------------------------- 
Phase-equilibrium studies in metallurgical systems (Oct.) -------------- 
Photoelectric pyrometer developed (Oct.) ------------ Seen eee eee 
Photolysis of ethane (Mar.)=-22-2- 2 =) = ae ee 
Pipe sizes for plumbing stacks in buildings (Aug.) ------------------- 
Plane of best average definition for lenses (Feb.) --------------------- 
Plasma temperature and electron densities from line broadening meas- 

urements (July)\-.2--s=--- 4-_-_- 242-522 =s secs 
Plumbing stacks in buildings, pipe sizes for (Aug.)------------------ 
Point in Antarctica named for Boulder scientist (May) ------------------ 
Polymer crystals with folded chains (Aug.) --------------------------- 
Polymerization induced by gamma radiation, high-pressure (Dec.) ----- 
Polymorphism of rare-earth borates (May) ---------------------------- 


Portable He® refrigerator (Aug.)--<---_.------ eos eae eee ee 
Postdoctoral research associateship appointees announced, NBS (Nov.) -- 
Postdoctoral research associateships (Mar,) --------------------------- 
Precision measurement and calibration, announcement of new publica- 

tion (Jan.) -22--c2s5-2 2528 ences ee ee 
Preparative-scale chromatography, automatic purification by (Dec.)---- 
Problem of windstorm damage to asphalt shingles (Apr.) --------------- 
Program announced for 1961 temperature symposium (jan) eee 
Properties of metal foils, method for determining the mechanical (Nov.) -- 
Publication: Precision measurement and calibration, announcement of 

new ‘(Jatr) 122. Soc het 2s oe 2 
Purification, automatic, by preparative-scale chromatography (Dec.) --- 
Pyrometer developed, photoelectric (Oct.)---------------------------- 
Pyrometer, high-speed three-color (Sept.) ---------------- 
Pyrometers, calibration of optical (Nov.),------.------_--___-___-_-- == 
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Radiation field from a rectangular source (Mar.) ---------------------- 
Radical reactions, alkyl (Nov:)—----------~--4-=——-s=2—aee ee 
Radio system for investigating sferics, Ephi—a (Apr.) --.------------- 
Radioactivity laboratory established, low-level radioactivity (May) ---- 
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Voltage converters, accurate thermal (June) ~--....______.-______-_-_- 98 
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Periodicals 


Technical News Bulletin, Volume 45, No. 11, November 1961. 
15 cents. Annual subscription: $1.50. 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscrip- 
tion basis. 

Basic Radio Propagation Predictions for February 1962. Three 
months in advance. CRPL-207, issued November 1961. 15 
cents. Annual subscription $1.50, 50 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 
Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 
Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Section D. Radio Propagation. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 


Current Issues of the Journal of Research 


Section A. Physics and Chemistry, Vol. 65A, No. 6, November- 
December 1961. 

Comparison of lens response for sinusoidal and square-wave 
targets at several focal positions. Sayeda H. Emara. 

Wavelength shifts in Hg’ as a function of temperature. 
Sayeda H. Emara. 

Variability of spectral tristimulus values. Isadore Nimeroff, 
Joan R. Rosenblatt, and Mary C. Dannemiller. 


December 1961 


Extension of the Flory-Rehner theory of swelling to an aniso- 
tropic polymer system. Stephen D. Bruck. 
Fiber structure-property’ relationships: a disulfide-crosslinked 
self-crimping polyamide. Stephen D. Bruck. 
Acidity functions. Values of the quantity p(acy:) for buffer 
solutions from 0 to 95 °C. Roger G. Bates and R. Gary. 
2,3-0-Isopropylidene-a-p-lyxofuranose, the monoacetone-D-lyxose 
of Levene and Tipson. Robert Schaffer. 
Effect of perchloryl fluoride additions on the flame speed of 
methane. Carl Halpern. 
Section B. Mathematics and Mathematical Physics, Vol. 65B, 
No. 4, October-December 1961. 
Physical entities and mathematical representation. C. H. Page. 
On the range of a fleet of aircraft. A. J. Goldman. 
Measurement of wave fronts without a reference standard: 
Part I. The wave-front-shearing interferometer. James B. 
Saunders. 
On the evaluation of the function ®(\) = 
1 atic 
21t Ja—io 
for real values of \. Wolfgang Boérsch-Supan. 
Analyticity and probability properties of one-dimensional 
Brownian motion. Abolghassem Ghaffari. 
Some higher order integral identities with application to bound- 
ing techniques. J. H. Bramble and B. E. Hubbard. 
A priori bounds in the first boundary value problem in elasticity. 
J. H. Bramble and L. E. Payne. 
Section C. Engineering and Instrumentation, Vol. 65C, No. 4, 
October-December 1961. 
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Publications (Continued) 


A new airglow photometer. C. M. Purdy, L. R. Megill, and 
F. E. Roach. 

A guide to the use of the modified reflectometer technique of 
VSWR measurement. Wilbur J. Anson. 

An X-ray diffractometer cryostat providing temperature control 
in the range 4 to 300 °K. Floyd A. Mauer and Leonard H. 
Bolz. 

Apparatus for determination of pressure-density-temperature 
relations and specific heats of hydrogen to 350 atmospheres at 
temperatures above 14 °K. Robert D. Goodwin. 

The use of a thermistor for detecting eluent fronts in liquid- 
solid chromatography. Gaylon S. Ross. 

Radiation field from a circular disk source. J. H. Hubbell, 
R. L. Bach, and R. J. Herbold. 

The Bauschinger effect and’ residual microstresses in alpha 
brass. Clarence J. Newton. 

A study by polarization techniques of the corrosion rates of 
aluminum and steel underground for sixteen months. W. J. 
Schwerdtfeger. 

Section D. Radio Propagation, Vol. 65D, No. 6, November— 
December 1961. 

The solar wind. E. N. Parker. 

Attenuation coefficients for propagation at very low frequencies 
(VLF) during a sudden ionospheric disturbance (SID). 
E. T. Pierce. 

Dipole radiation in a conducting half space. R. K. Moore and 
W. E. Blair. 


Reliability of atmospheric radio noise predictions. John R. 
Herman. 
Effects of the ionosphere on VLF navigational aids. W. T. 


Blackband. 

On the spectrum of terrestrial radio noise at extremely low 
frequencies. H. R. Raemer. 

The nonsingular embedding of transition processes within a 
more general framework of coupled variables. John Heading. 

Worldwide VLF standard frequency and time signal broad- 
casting. A. D. Watt, R. W. Plush, W. W. Brown, and A. H. 
Morgan. 

Design of panoramic ionospheric resources. 
L. D. Wilson. 

A quick method for estimating the stage of the sunspot cycle. 
W. B. Chadwick. 


Measurements of low-angle radiation from a monopole. Alvin 
C. Wilson. 


L. H. Heisler and 


Nonperiodicals 


Tables of spectral-line intensities, arranged by wavelengths, 
W. F. Meggers, C. H. Corliss, and B. F. Scribner, NBS Mono. 
32, Part II, (1961), $3.00. 

Safety rules for the installation and maintenance of electric 
supply and communications lines. Comprising Part 2, the 
definitions, and the grounding rules of the sixth edition of the 
national electrical safety code, NBS Handb. 81, (1961) $1.75. 


Technical Note 


The following Technical Note is available from the Office of 
Technical Services, U.S. Department of Commerce, Wash- 
ington 25, D.C. (order by PB number). 

Mode calculations for VLF propagation in the earth-ionosphere 
waveguide, K, P. Spies and J. R. Wait, NBS Tech. Note 114 
(PB161615) (1961) $1.50. 
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Publications in Other Journals 


Adsorption of nitrogen and argon on mineralogical graphite 
and diamond at 77 and 90 °K, J. de Dios Lopez-Gonzalez, 
F. G. Carpenter, and V. R. Dietz, J. Phys. Chem. 65, No. 7, 
1112-19 (July 1961). ; 

Absorption of carbon dioxide by solutions of 2-amino-2-(hy- 
droxymethyl)-1, 3-propanediol, R. G. Bates and H. B. Hetzer, 
Anal. Chem. 33, No. 9, 1285 (Aug. 1961). 

Stress-strain relationships in yarns subjected to rapid impact 
loading; Part 7. Stress-strain curves and breaking-energy 
data for textile yarns, J. C. Smith, P. J. Shouse, J. M. Bland- 
ford, and K. M. Towne, Textile Research J. 31, No. 8, 721- 
734 (Aug. 1961). 

V. Mutual interference between surfaces and satellite communi- 
cation systems, B. Hartman, M. T. Decker, Ch. 5, p. 111-157, 
Book, Frequency Allocations for Space Communications (Re- 
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